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Study Design. A repeated-measures design using a cadaveric model was used in this preliminary investigation on the effectiveness of spine-board transfer techniques.
Objectives. To compare the amount of angulation (flexion-extension) motion that results at the cervical spine during the execution of the log-roll maneuver and the lift-and-slide technique; and to examine how changes to the integrity of the cervical spine impacts the amount of motion generated during the transfer process.
Summary of Background Data. Very little research has been performed to establish the efficacy of spine-board transfer techniques. Early studies have indicated that the log-roll maneuver may not be appropriate for transferring victims with thoracolumbar injuries. Also, there has not been a single study that has reported the impact of transfer techniques on the unstable cervical spine. This lack of data necessitated the present study.
Methods. Four groups (with six participants each) were asked to execute the log-roll maneuver and the lift-and-slide technique on five cadavers. An electromagnetic motion analysis device was used to assess the amount of angulation motion generated at the C5-C6 segment during the execution of these transfer techniques. To examine how changes to the integrity of the cervical spine impacts the amount of motion that is produced during the transfer process, flexion-extension motion was assessed under various conditions: across a stable C5-C6 segment, after the creation of a posterior ligamentous injury, and after a complete segmental injury.
Results. No significant differences in angulation motion were noted between transfer techniques. However, significant differences were noted between all three injury conditions. That is, as the severity of the injury increased, the average amount of angulation motion produced at the site of the lesion also increased, regardless of technique.
Conclusion.
The participants of this study were able to restrict flexion-extension motion equally well with thelog-roll maneuver as with the lift-and-slide technique. However, more research is needed to fully ascertain the effectiveness of spine-board transfer techniques. [Key words: cervical spine, spinal column injury, spine board, prehospital care, log-roll, lift-and-slide] Spine 2004;29:
E134 -E138
Before transporting a victim of cervical spine trauma to a medical facility, full spinal immobilization must be achieved by transferring and securing the injured victim to a full-length spine board. Naturally, there is considerable risk involved with transferring a victim onto a spine board. To facilitate this process, medical personnel use spineboard transfer techniques, such as the log-roll (LR) maneuver or the lift-and-slide (LS) technique. As with other medical procedures used in the prehospital care of the spineinjured victim, spine-board transfer techniques have been designed to minimize the chances of producing secondary neurologic injuries. Namely, these techniques enable rescuers to maintain in-line stabilization of the spine as they simultaneously complete the transfer process.
Sadly, it has been estimated that between 3% and 25% of spinal cord injuries actually occur during the initial stages of management. 1 As a result, legitimate concerns have emerged regarding the effectiveness of prehospital medical procedures. It is, perhaps, for this reason that researchers have undertaken studies to verify the safety or efficacy of airway management and intubation techniques, 2-5 stabilization maneuvers, 4 -6 and helmet and shoulder pad removal techniques. [7] [8] [9] To contribute to this content of information, we set out to evaluate the amount of angulation motion (flexion-extension) normally produced during the execution of the LR and the LS. In addition, because a cadaveric model was used in this experiment, it was possible to create experimental lesions within the cervical spine and observe how the severity of an injury impacts the magnitude of the movement generated at the injured spinal segment during the transfer process.
Materials and Methods
After obtaining approval from the university Institutional Review Board, 24 qualified individuals (certified athletic trainers, athletic training students, and emergency medical technicians) were recruited for this investigation. Each participant was randomly assigned to one of four transfer groups such that each group consisted of six individuals. Five participants from each group were needed to execute the LR maneuver and LS technique, and a sixth individual was required to position the spine board during the end stages of the procedure. 10 The LR maneuver required one individual to provide manual in-line stabilization during the transfer process, two individuals to assist in rolling the torso and upper extremities, and two others to assist in rolling the lower extremities ( Figure 1 ). 10 All five team members were required to roll the cadaver 90°to the side-lying position. Once in the lateral recumbent position, the sixth and final member of the group was required to wedge the spine board beneath the cadaver (at a 45°angle to the ground). To complete this procedure, the cadaver was rolled back to the supine position onto the spine board. In most cases, after an individual has been positioned on a spine board using this technique, it is necessary to adjust the individual so that he or she is centered on the spine board. This component of the LR maneuver was not performed in this investigation.
With the LS, one individual was required to maintain manual in-line stabilization of the head, two were needed to lift the upper torso, and two others to assist in lifting the lower extremities ( Figure 2 ). 10 A sixth individual was again responsible for placement of the spine board. Those participants responsible for lifting the upper torso were required to kneel by the cadaver's shoulder, placing one hand beneath the lateral aspect of the shoulder and the other hand beneath the torso just below the level of the axilla. The individuals responsible for lifting the lower extremities were required to straddle the cadaver at the level of the thighs and legs. With all the participants ready, the individual providing inline stabilization of the head directed all others to raise the cadaver off the ground. This allowed the sixth member of the team to slide the spine board beneath the cadaver. When the board was appropriately positioned, the cadaver was gently placed onto the board and the procedure was completed. In this investigation, each rescue team was required to attend a total of four sessions. During the first session, teams were shown by way of a video presentation how to execute the specific versions of the LR and the LS that were chosen for this study. All groups were also required to complete a familiarization session at this time. As part of the familiarization process, transfer groups completed five practice trials of each technique. For each of the three test sessions that followed this instructional and familiarization session, groups were required to complete two trials of the LR and two of the LS on five cadavers. Note that for all groups the order of testing for technique and for cadavers was randomized.
A Fastrak motion analysis device (Polhemus Inc., Colchester, VT) was used to quantify the amount of motion generated between the C5 and C6 spinal segments during the execution of transfer techniques. The Fastrak device is a tracking instrument that uses electromagnetic fields to determine the position and orientation of its sensors in three-dimensional space. When used within its optimal operating range of 10 -70 cm, tracking devices such as the Fastrak have been found to be sensitive enough to read rotational changes of 0.3°to 1.0°.
Before data collection began, we assessed the validity of the Fastrak instrument by comparing angular displacement values obtained from this unit with those captured by an analog goniometer. To complete this validation study, sensors were affixed to the arms of a goniometer as it was moved to randomly chosen angles so that angular displacements could be recorded at each angle using the Fastrak. Pearson product moment correlation coefficients were then calculated to assess the accuracy of Fastrak angular measurements. Tests revealed the Fastrak device to be very accurate with strong correlation coefficients that ranged between 0.991 and 0.999.
Additionally, the angles measured above were repeated in 
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random order so that the reliability of angular displacements could be determined. This was evaluated by calculating intraclass correlation coefficients using repeated measurements obtained by the Fastrak device. Tests of reliability confirmed that the Fastrak device was able to consistently measure angular displacement values (intraclass correlation coefficient values ranged from 0.99 to 1.0).
Along with a control condition (stable spine), two injury conditions were tested in this study: a posterior ligamentous injury and a complete segmental injury. The effect of transferring patients with these injury conditions was investigated by creating the aforementioned injuries at the C5-C6 level of all cadaver spines. To standardize the injury conditions produced with each of the cadaver spines, a spine surgeon was responsible for creating all experimental lesions. On creating the experimental lesion, the spine surgeon was also responsible for testing the mobility of the spinal column (particularly at the site of the lesion) and for confirming that the extent of the instability resulted in at least an angular displacement greater than 11°.
11
In order to be able to access the lower cervical vertebrae of the cadavers, and to assess the magnitude of the movements created at the level of interest, it was necessary to displace and/or remove the structures overlying the cervical spine (both anteriorly and posteriorly). In particular, to access the anterior aspect of the vertebral bodies of interest, it was necessary to remove sections of the larynx, the esophagus, and the trachea.
Consistent with what has been reported in the literature, a posterior ligamentous injury was created by excising the supraspinous and interspinous ligaments, the ligamentum flavum, the facet capsules, the posterior longitudinal ligament, and finally, the posterior half of the intervertebral disc (Figure 3 ). To create a complete segmental injury, the anterior longitudinal ligament and the anterior half of the intervertebral disc were also excised (Figure 4) . Clearly, the order of testing for injury condition was not randomized. Instead, the order of testing for this study followed a logical sequence: control (stable), posterior ligamentous injury, and complete segmental injury.
It must be noted that to maximize the response variable of this study (i.e., flexion-extension motion), a cervical immobilization collar was not used during the execution of transfer techniques. In the case of a true emergency, it is very unlikely that a victim would be transferred to a spine board without a cervical collar in place.
To collect motion data, one sensor was positioned on the anterior surface of the body of C5 and another on the anterior surface of the body of C6 ( Figure 5 ). The position of both sensors was kept the same throughout the entire study. Each sensor recorded flexion-extension motion data from its respective location. To secure the sensors from the Fastrak device onto the chosen landmarks, sensors were first fitted onto small mountings constructed with machined polyethylene. These mountings were in turn secured to the vertebral bodies using carbon-fiber rods ( Figure 5 ). It must be noted that, while the sensors from the Fastrak device were tethered, they did not restrict motion in any way. Throughout all stages of the experiment, there was enough slack in the wires to allow the sensors to move freely with the vertebral segment to which they were attached.
A single dependent variable was considered in this study: flexion-extension of the C5-C6 segment. This measure was To analyze the collected data, a 2 ϫ 3 (technique ϫ injury condition) analysis of variance with repeated measures was used. Simple interaction effects and post hoc tests (using Tukey's HSD method) were calculated when appropriate. All statistical analyses were performed using an SPSS statistical software package (SPSS, Inc., version 10.1, Chicago, IL) with the level of significance for all statistical tests set, a priori, at ␣ Յ 0.05.
Results
The mean for age, height, and weight of the enrolled participants was 23.8 Ϯ 3.3 years, 169.4 Ϯ 17.8 cm, and 76.1 Ϯ 21.7 kg, respectively. The mean age and weight of the two male and three female cadavers used in this study was 78.8 Ϯ 14.64 years and 66.68 Ϯ 15.10 kg, respectively.
Data collected in this study are presented in Tables 1  and 2 . Statistical tests performed on the means of the total range of segmental flexion-extension motion data revealed a significant main effect for injury condition only (F 2,38 ϭ 51.45, P Ͻ 0.0001). Post hoc tests revealed significant differences between all three injury conditions (W ϭ 0.88°) ( Table 2) .
Discussion
With prehospital management of spinal injuries, the primary goal is to protect neurologic tissues from further injury. Preserving the integrity of these tissues is best accomplished by immobilizing the injured spine. As part of a protocol that is fairly implicit, a victim of spinal trauma is shifted onto a spine board by way of a transfer technique to enable medical personnel to secure, and thus, fully immobilize the injured spinal column. Early research, however, has indicated that the LR maneuver may not be appropriate for transferring victims and patients with thoracolumbar injuries. McGuire et al 12 reported that in a cadaver with a surgically created, complete segmental instability of the L1-L2 unit, the execution of the LR maneuver produced 21 mm of anteroposterior displacement, 5 mm of lateral displacement, and 30°of rotational displacement through the site of the experimental lesion. Radiographic images taken at the completion of the LR maneuver revealed an additional 4°of sagittal plane angulation at the unstable segment. The results of a study by Suter et al 13 added further support to the notion that the LR maneuver may not be suitable for maintaining the alignment of the thoracolumbar spine. Suter et al 13 reported that placing healthy individuals in the lateral recumbent position (as with the LR) produced an average of 15 mm of thoracolumbar deviation. Regrettably, there had not been a single study that reported the impact that transfer techniques have on the (unstable) cervical spine. Furthermore, it would have been inappropriate to draw conclusions regarding the effect of the LR maneuver on the cervical spine from results of studies that only considered the thoracolumbar spine.
In order to establish if the LR maneuver and the LS technique can be used safely with victims of cervical spine trauma, we carried out this preliminary evaluation in which we compared the amount of flexion-extension motion generated across a single segment of the lower cervical spine. The results of this initial study revealed that rescuers were able to satisfactorily restrict motion using both transfer techniques. In other words, the results of this study demonstrated that the LR and the LS were equally effective transfer techniques.
Some might argue that while this study has provided some details regarding the effectiveness of spine-board transfer techniques, the true significance of our data cannot be established because the magnitude of angulation motion that the cervical spine can tolerate before a neurologic injury is either precipitated or exacerbated has not yet been determined. Defining such a critical value, however, is no simple task. Along with structural (anatomic) differences among individuals, there are obvious methodologic and ethical considerations involved with identifying this critical value. At any rate, the issue of a critical value becomes irrelevant in the case of this study because the LR and the LS produced similar amounts of flexion-extension motion. It is clear that in the case of a spinal injury, the less motion there is, the better the outcome. Since our findings did not indicate one technique to be superior to the other, the motion produced with either the LR or LS is, in effect, the least amount possible.
According to our data, an increase in spinal segment motion may not be completely avoidable when there is significant damage to movement restraints such as ligaments and capsules. We noticed that as the level or degree of instability increased, so also did the amount of segmental motion, regardless of technique. Naturally, this finding suggests, not surprisingly, that individuals that suffer severe structural damage of the vertebral column are at potentially greater risk of suffering neurologic injuries that are secondary to those produced by the inciting trauma. As with most experimental research, our study was not without limitations. We recognize that spinal column movements generated in cadavers do not mimic those that may be produced in vivo. We also realize that along with the injury conditions we tested in this study, there are many other types of injuries that yield unstable spinal segments. Additionally, these diverse injuries may be affected differently depending on the location (spinal level) of the injury. Finally, we are aware that our sample size was small (chosen because of external constraints) and that increasing the number of cadaver specimens could have perhaps improved the likelihood that more of our findings (such as differences between techniques) would have been statistically significant.
Notwithstanding the shortcomings of this study, we feel we have made some progress in learning about the safety of spine-board transfer techniques. However, more research is warranted in this area. Above all else, we believe that to further our understanding of how transfer techniques affect an unstable cervical spine, future investigations must include larger sample sizes and must also quantify the amount of axial distraction and anteroposterior displacement that is produced during the transfer process.
Conclusion
Given the results of this study, neither the LR nor the LS emerged as the clearly better technique for restricting motion of the lower segments of the cervical spine. Based on the results of this study, we recommend that medical personnel familiarize themselves with both techniques and make decisions regarding which technique to use on the circumstances of their situation (e.g., the preference of the rescue team, the position of the victim).
Key Points
• Neither the log-roll maneuver nor the lift-andslide technique emerged as the clearly better spineboard transfer technique. Trained and practiced rescue teams were able to execute the log-roll maneuver equally as well as the lift-and-slide technique.
• It appears that the severity of a cervical spine injury may impact the amount of motion that is produced during the execution of spine-board transfer techniques.
• Along with rotational movement (such as flexion-extension), translation movements (such as anterior-posterior displacement) must also be considered when attempting to confirm the efficacy of spine-board transfer techniques.
